lished from embryonic hamster tissue. Under the best conditions, plaques approximately 4 mm in diameter were formed after incubation at 37 C of 4 to 6 days. Several environmental variables in the procedure were studied. Efficiency was increased markedly by combining the virus during adsorption with serum proteins, and by carrying out this step at 25 C rather than at 37 C. The overlay medium used contained metabolites which promoted cell viability for periods greater than 1 week, and allowed plaques to develop. Plaque formation was relatively insensitive to a variation in pH between 7.1 and 8.1 (with optimal concentrations of bicarbonate). However, plaque development was inhibited with medium containing greater than 0.22% bicarbonate (at optimal pH), or when the initial pH was less than 7.0.
Investigations on Colorado tick fever (CTF) virus have been hampered in certain cases by the lack of an established tissue-culture plaque assay procedure for quantitation of the virus.
This report presents the details of such a procedure and assesses the effect of a number of environmental variables on it. We previously described certain preliminary observations on this subject (Watkins, 1961; Deig and Watkins, 1963) .
MATERIALS AND METHODS
The viruses used comprised seven strains (designated CTF-1 through CTF-7) originally isolated from human cases of CTF (by the State Department of Public Health, Berkeley, Calif.). These had subsequently been passaged in suckling mice and maintained as centrifuged 20% brain homogenates in normal rabbit serum. Such preparations induced cytopathogenicity in a stable cell line, termed Al, originally isolated (at Children's Cancer Research Foundation Laboratories, Boston, Mass.) from embryonic hamster tissue.
Cells were propagated at 37 C to complete monolayers in 3-oz prescription bottles, with Eagle's minimal essential medium (MEM) plus glutamine (2 mM) and fetal calf serum (10%). Dilutions of the virus (0.1 ml) were deposited directly onto the cells. Except where noted, subsequent procedures were as follows. Virus adsorption was carried out at approximately 25 C for a period of 1.5 to 2 hr. The infected monolayers were then overlaid at 44 C with a nutrient medium (termed HM), consisting of Earle's balanced salt solution, lactalbumin hydrolysate (0.5%), yeast extract (0.1 %), and bovine serum albumin (0.1 %). This medium also contained fetal calf serum (2 %) and 1 % washed agar (Dulbecco and Vogt, 1954) . After incubation of the monolayers at 37 C for periods of 4 to 6 days, the plaques which had been formed were resolved by adding 2 ml of 1:6,000 (w/v) neutral red to each bottle followed by an additional incubation period of at least 4 hr prior to counting. (Table 3) . However, plaque development was observed to occur most rapidly with HM at an initial pH of 8.1. A second experiment, which utilized LEY rather than HM as an overlay medium, gave essentially similar results. However, the rate of development of plaques with this medium was depressed at the extremes of pH to such an extent that only minute forms could be seen in monolayers after 6 days of incubation. Effect of bicarbonate concentration on plaque formation. Monolayers were washed and then infected with CTF-5 virus diluted in HM containing 16 ml per liter of 7.5% (w/v) NaHCO3 in distilled water (final concentration, 0.12%). After adsorption, the monolayers were overlaid with 1 % agar in an HM plus 2 % fetal calf serum medium containing a wide range of bicarbonate concentrations. Prior to the addition of agar, the pH of all solutions was adjusted to 8.1 with either 1 N NaOH or HCl. The amount of acid or base required for this purpose was shown not to affect adversely cell morphology or plaque formation. Plaques were counted after an incubation period of 4 days. The results (Table 4) indicated that bicarbonate in the overlay medium had little or no effect on these counts until a quantity in excess of 28 ml had been added. Beyond this point, a progressive reduction in numbers occurred.
RESULTS

Conditions
However, plaque size was found to be dependent on the amount of bicarbonate added to the overlay medium; with bicarbonate additions between 0 and 2 ml per liter, plaques were small (2 mm); 4 to 8 ml, small to average (2 to 3 mm); and 12 to 16 ml, average (3 mm). Concentrations of 20 to 28 ml progressively diminished plaque size.
When this experiment was repeated with HM medium in the absence of calf serum, similar results were obtained, indicating that bicarbonate derived from the serum did not contribute significantly to the effects noted.
Interaction of pH and bicarbonate concentration on plaque formation. Monolayers were washed, infected, and overlaid with 1% agar in HM plus 2% fetal calf serum medium containing various bicarbonate concentrations as described above. However, in this experiment the final pH of each overlay solution was not adjusted. Plaques were counted after 6 days of incubation.
The results (Table 5 ) corresponded with those obtained from the previous experiment with two exceptions. At very low bicarbonate concentrations (0 to 4 ml per liter), the acidity of the overlay medium inhibited plaque formation. Secondly, with concentrations greater than 28 ml per liter, the additional 2 days of incubation permitted the development of visible plaques not seen previously.
This experiment was repeated with the use of overlay medium without fetal calf serum. The results were similar except that, under the conditions of suboptimal pH and bicarbonate concentration, plaque numbers were reduced even further. ( ), Chang (1959 , and Zwartouw, . The last group demonstrated, however, that excessive concentrations of this substance could actually inhibit virus synthesis and, in addition, bring about a significant loss of protein and nucleic acid from the infected cells . Inhibition of Western equine encephalomyelitis virus synthesis was shown by Lockhart and Groman (1958) to occur at bicarbonate concentrations of 0.22 % or greater-a finding similar to our own with CTF virus.
A number of these experiments were repeated with the other strains of CTF virus maintained in this laboratory, and confirmatory data were obtained. This suggests that, of the aspects studied, significant strain differences do not exist in the capacity for plaque formation of CTF virus.
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